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1. INTRODUCTION

This report contains the results of a materials compatibility study
conducted during the TRW Voyager Spacecraft Engine Demonstration Program.
The purpose of this program is to demonstrate the capabilities of the
basic TRW Lunar Module Descent Engine (LMDE) for the Vovager application.
The primary objective of this particular study was to provide quantitative
information on the compatibility of the materials currently used in the
TRW LMDE with the type approval (TA) and flight approval (FA) ethylene
oxide (ETO) decontamination process as defined in JPL Specification
VOL-50503-ETS.

The study was divided into two parts. First, an extensive literature
search was conducted to categorize the various materials with respect to
compatibility with the ETO decontamination process. The second nart of the
study consisted of actual decontamination tests on selected material samples.
The materials used for these tests were mainly those critical LMDE items to
be used for Voyager plus various other materials of general interest. A1l of
the test results are contained in this report.

2. SUMMARY

The Titerature search revealed that all of the metallics used on LMDE
had an established history of compatibility with the ETO decontamination
environment whereas the compatibility of many of the organic materials with
this process was either unknown or doubtful. Based on this investigation,
twenty-one different materials were selected for compatibility verification
by decontamination tests. Of these materials, all but the aluminide coating
were organic in nature.

The decontamination tests consisted of seven cycles, twenty-eight hours
each in duration, of exposure to the ETO/Freon 12 decontamination environment
specified in JPL Specification VOL-50503-ETS, "Environmental Specification
Voyager Capsule Flight Equipment Type Approval and Flight Acceptance Test
Procedures for the Heat Sterilization and Ethylene Oxide Decontamination
Environments".The ETO concentration was maintained at 600mg/liter at a gas
temperature of 122°F. The gas mixture was maintained at nominal 12 percent
ETO and 88 percent Freon 12 (by weight) concentration with a relative
humidity of 50 percent. :

Of the LMDE materials used in the TRW Voyager Spacecraft Engine, only
the Sylgard 182 showed a marked change in physical characteristics at the
conclusion of the tests. This material is used as a filler between the
ablative material and the titanium combustion chamber case. The 87 percent
decrease in tensile strength that resulted from the exnosure to the decon-
tamination media is not considered detrimental because the material is not
used for structural purposes, and in this particular application, less than
one percent of the total volume of material used in the combustion chamber
would be exposed to the decontamination fiuid. Decontamination tests will be
conducted on the engine assembly during Phase II of the demonstration
program tests (to be followed by a nine-month vacuum storage test and a
duty cycle firing) to confirm that the effects of this process on the Sylgard
material at the engine assembly level are not significant.




Minor changes in tensile strength were noted in the MX2600 Phenolic
Silica Laminate. However, these results are suspect due mainly to the
wide variation in control specimen and test specimen tensile test values.
This condition was probably caused by improper curing of the specimens.

It was determined that two materials are definitely not compatible with
the decontamination process: Nitroso Rubber and Alkanex (a varnish used for
sealing the electrical harness connectors). It was not planned, however,
to use these materials on the Voyager Spacecraft Engine.

3. RESULTS OF LITERATURE SEARCH

A literature search was conducted on the materials listed in Table 3-1
to determine the degree of compatibility with the ETO/Freon 12 decontamination
process. The materials were divided into the following categories:

Established compatibility (C).

1.)
2.) Fairly compatible (Fairly C), but margins should be
established by testing.

3.) Likely to be compatible (T), but should be tested
before using.

4.) Not likely to be compatible (X), but should be
tested if use is considered.

5. Not compatible (NC).

TABLE 3-1

Compatibility with
Components ETO/Freon 12

COMBUSTION CHAMBER ASSEMBLY

Titanjum Shell

Epoxy Phenolic Adhesives

Epon Adhesive 934

Sylgard Bonding

Phenolic Silica Laminate

Rubber Modified Phenolic Silica Laminate
Nozzle Extension

oO—AOA—AAO

INJECTOR ASSEMBLY

Titanium

Stainless Steel

Aluminum

Aluminide Coating

Lubco Dry Lube

Microseal Dry Lube
Loctite Sealing Compound

Columbium

OO OOOOOO




SHUT OFF VALVE

ATuminum

Stainless Steel
Teflon Seals

Kynar Seals

RTV Silicone Foam
Butyl 0-Rings

EPR 0-Rings
Electroless Nickel
Glass Filled Teflon (Rulon A)
Microseal Dry Lube
GE Silicone Primer
PR 5-9 (RTV)

PRE VALVE

Aluminum

Stainless Steel
Teflon Seals

Kynar Seals

Butyl 0-Rings
DuPont 240 AC Lube
EPR 0-Rings
Microseal Dry Lube
GE Silicone Primer
Glass Filled Teflon
PR 5-9 (RTV)

EXIT CONE & SEAL

Aluminum
Stainless Steel
Teflon

GIMBAL ASSEMBLY

Aluminum

Steel

Titanium

Gimbal Bearing (Fabroid)

LINES & DUCTING

Aluminum
Stainless Steel
Titanium

HEAT SHIELD INSULATION

Quartz
Fiberfrax (No organic binder)

ELECTRICAL COMPONENT MATERIALS

Aluminum Connectors

Teflon Sealing Plugs

Gold Plated Copper Contracts
Polyethylene Boots
Polyethylene Tubing

1O OO0

Fairly C
Fairly C

—~N—1 OO0

OO0

Fairly C
NC
Fairly C
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ELECTRICAL COMPONENT MATERIALS (Continued)

Tin Plated Brass Ferrules

Black Anodized Aluminum Adapters

Chlorinated Polyether Ident. Strap
Chlorinated Polyether Cable Strap

RTV Silicone Rubber Potting Compound (601/11)
Polyimide Coated Teflon Insulated Wire

GE Silicone Primer

Glass Epoxy Terminal Board

Polyethylene Identification Sleeve

Aluminum Chassis Assembly

Steel Shunt

Butyl Cover Gasket Fairly C
“J" Box - Aluminum C
Aluminum Protective Cup C
Butyl Connector Seal Fairly C
Copper Termal Lug

Solder

Aluminum Ring

Aluminum Plates

Glass Epoxy Wafer

Nylon Screws

Aluminum Plugs

Glass Cloth Tape

Steel Lockwire

Steel Washer

Steel Nut

Steel Screw

Aluminum Clamps

Teflon Clamps

Steel Flexure Shim
Titanium Flexure
Titanium Bracket Assembly
Aluminum Bracket Assembly
Torque Paint, Cat-a-lac

OOZ20—A1—34>X>XO0O0

OO0 O

MISCELLANEQUS MATERIALS

Tubing and Sleeving Polyvinyldene
Fluride (Kynar) AMS 3632 o
Tubing and Sleeving Polyolefin MIL-1-23053 NC
Tubing and Sleeving Teflon MIL-1-22129 C
Tubing and Sleeving Silicone Rubber over
Fiberglass MIL-I-3190 T
Tubing and Sleeving Polyvinyl Chloride and
its Co-polymers MIL-I-631 T
Tubing and Sleeving Polyethylene MIL-I-631 NC
Tubing and Sleeving Siliflex (Braided
Fiberglass w/silicone resin) C
Tubing and Sleeving Fiberglass w/fungicide
Dowcide #7 added to varnish C
Tubing and Sleeving Extruded Vinyl Plastic
o
C

MIL-1-7444
Tubing and Sleeving Triple Saturated Cotton



MISCELLANEOUS MATERIALS (Continued)

Wire Insulation Hi Temp Teflon
MIL-W-583 Type K

Wire Insulation Enamel MIL-W-583 Type F

Wire Insulation Formvar or Farmex
MIL-W-583 Type T

Wire Insulation Cotton MIL-W-583 Type C

Wire Insulation Silk MIL-W-583 Type S

Wire Insulation Glass MIL-W-583 Type G

Wire Insulation Thermaleze "F" MIL-W-583
Type L

Wire Insulation Silicone Enamel MIL-W-583
Type H

Wire Insulation Alkanex MIL-W-583 Type B

Cord Nylon w/synthetic rubber finish

Non-metallic Washer Thermoplastic MIL-P-22242

Conductive Gasket Flurosilicone Chomerico
Powder No. 8000

Insulating Tape Crepe Taper

Insulating Tape Acetate Cloth MIL-I-15126

Insulating Tape Paper

Insulating Tape Teflon Film/Silicone Adhesive

Insulating Tape Elastic Vinyl MIL-I-7798

Insulating Tape Polyester Film MIL-I-1526

Insulating Tape Acetate Film Cloth, Thermo-
setting Adhesive

Insulating Tape Glass Cloth/Silicone MIL-I-19166

Insutating Tape Cambric, Varnished

Insulating Tape Epoxy Impregnated Glass Fabric

Epoxy

Hardware Parts Various Alloys of Steel,
Aluminum and Brass

Wire Shields Silver Plated or Tinned Copper

Magret Wire Soft Annealed Copper MIL-W-583

Receptacle Cu, Au, or Ni Finish

Wire Nickel

Nut Steel w/Molybdenum Disulphide Finish

Gear Sinite D-10

Leak Detector Inconel MIL-N-6840

Ball Bearing Steel, Phenolic "Synthane"

Name Plate Metal Foil

Ball Screw Assembly Steel Temp. Range of
(Design Guide)

Receptacle Carbon Steel, Vitreous Material,
Au, Ni

Washer, Beryllium Oxide

Receptacle Brass, Be, Cu, Glass Filled
Diallyl Phthalate

Washer Indium

Spacer Delrin 500

20
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4.

exposed to this environment.

materials were selected for test:

DECONTAMINATION TESTS

4.1 Materials

The following table Tists the materials and test specimen types
subjected to the seven cycle ETO-Freon 12 decontamination tests. The choice
of these materials was based largely on the results of the literature search
and also on the general need for knowledge on the behavior of materials

Discussion of Materials Tested and Test Conditions

After evaluating the literature compatibility table, the following

TABLE 4-1

"MATERIALS FOR DECONTAMINATION TESTS"

Material Manufacturer Specimen Type
1. Ethylene Propylene Rubber
0-Rings Parker As is
2. Teflon 0-Rings Parker As is
3. Butyl Rubber 0-Rings Parker As is
4, Samples of Carboxy Nitroso
Rubber Thiokol 1 pc. 1/8" thick x
1/2" x 3 1/2 "
1 button 1/2"L x 3/8"D
Micro Dumbell Tensile
Specimen
5. DuPont Krytox 240-AC Lube DuPont Applied to a Sov Ball
Valve & Seal
6. Lubco 2023 Dry Lube
MIL-M-7866A Lubco, Inc. On Bearing
7. Gimbal Bearing Material
(Fabroid) Nylo-Seals Gimbal Bearing
8. MX2600 Phenolic Silica
Laminate Fiberite Tensile Specimens
9. MX SE 57 Rubber Modified
Phenolic Silica Laminate Fiberite Tensile Specimens
10. WB 7208 Insulation Overwrap Fiberite Tensile Specimens
11. RTV 601 Dow Corning Micro Dumbell Tensile
Specimen
12. RTV S$-5370 Dow Corning Micro Dumbell Tensile

Specimen



13. RTV 8111 General Electric Micro Dumbell Tensile

Specimen

14. Sylgard 182 Dow Corning Micro Dumbell Tensile
Specimen

15. Epon Adhesive 934 Shell Lap Shear Specimen

16. HT 427 Phenolic Adhesive American Cyanamid Lap Shear Specimen
17. Silicone Primer MT 3-17

with PR 5-9 Chem Seal Corp. Painted on piece of
aTuminum
18. Aluminide Coating TRW On Columbium coupons
19. J-Box 0-Ring (Butyl) Parker J-Box Cover and 0-Ring
20. Nitrile 0-Ring Parker As is
21. Electrical Harness Sample Deutsch 2 connectors with wires

The preparation of all tensile and lap shear specimens were based on
TRW and ASTM Specifications.

Material TRW Preparation Test
Specification Specification

MX 2600 Phenolic Silica

Laminate MT 3-10 ASTM 0638
WB 7208 Insulation Overwrap MT 3-31
PR 10-21 ASTM 0638
MX SE-57 Elastomer Modified
Silica-Phenolic MT 3-32
PR 10-20 ASTM 0638
Sylgard 182 PR 4-17 ASTM D412
HT 427 Phenolic Adhesive PR 4-18 Type VIII Fed. Test Method
Standard 175 Method
1033.17
Epon 934 PR 4-18 !
RTV 601 PR 4-17 ASTM D412
RTV S-5370 PR 4-17 ASTM D412
RTV GE 8111 PR 4-17 ASTM D412
Nitroso PR 4-17 ASTM D412

4.2 Decontamination Test Environment

The decontamination test conditions simulated those specified in JPL
Specification VOL-50503-ETS for the TA testing. A total of seven cycles were
performed in order to simulate both the TA and FA requirements. The purpose
of these tests was only to pravile exposure of the materials to the ETO/
Freon 12 decontamination environment to determine compatibility, and no



attempt was made to ascertain if the process was effective in actually decon-
taminating the test specimens.

The test chamber conditions were maintained at the following levels for
the full duration of each of the seven 28-hour cycles:
Gas Composition: 12% ET0/88% Freon 12 (by weight)
ETO Concentration: 600 mg/liter
Gas Temperature: 122°F. ( + 2°F.)
Relative Humidity: 50% ( + 5%)
A11 external surfaces of the test specimens
were exposed to the gas.

The test chamber pressure required to maintain the correct ETO concen-
tration was originally calculated to be 20 psia at the required temperature
(122°F.). After the tests began, the gas composition was verified by gas
sample analyses. (See Table 1)

A detailed test procedure and a description of the test setup are included
in the appendix.

5. TEST RESULTS AND DISCUSSION

5.1 0-Rings

The changes occurring in the 0-Rings that are most commonly used,
j.e., Butyl Rubber, Ethylene Propylene Rubber, and Teflon, show very little
degradation, if any. There were no color changes noted. (Figures 2, 3,
and 4.) The weight changes were minute and dimensional changes were insigni-
ficant (See Table 2). However, in view of the fact that Butyl Rubber is
temperature sensitive above about 225°F., other materials should be considered
if thermal conditioning for an extended period is anticipated.

Nitrile Rubber 0-Rings showed gains in weight of 16 percent to 41 percent
during the seven decontamination cycles, and increases in thickness of 4.3
percent to 12.7 percent. Therefore, Nitrile 0-Rings are considered
unsuitable for use in engines which would be subjected to ETO/Freon 12
decontamination.

Carboxy Nitroso Rubber is definitely not suitable when decontamination
cycles are required. This rubber showed gains in weight ranging from 76.5
percent to 271 percent and dimensional increases from 30.9 percent to 81.3
percent. The tensile strength decreased 80 percent, and the elongation was
reduced by 51 percent. Visual changes were apparent as early as the first
28-hour cycle. The Nitroso Rubber, which was originally dark green in color,
changed to 1ight green, and displayed significant swelling and increase in
volume. This phenomena continued throughout the seven decontamination
cycles, and after completion, the specimens continuousiy oozed beads of
1iquid even when the rubber was wiped dry (See Tables 2 and 12, and Figures
2,5, 6, and 7.)




5.2 Aluminide Coatings

The Aluminide Coatings (See Table 3 and Figures 8 and 9), which
are utilized on the injector pintle tip and nozzle extension, showed
practically no change in weight during the decontamination. Very slight
visual changes were apparent, which were confirmed by microscopic examin-
ation. There is no evidence to indicate that difficulty will be encountered
with this material.

5.3 Elastomers

The RTV Compounds (Tables 4, 13, 14, and 15, and Figures 5 and 6),
in general, showed gnod resistance to the ETO/Freon 12 environment. Of the
three RTV comnounds tested, only one, RTV S-5370, a silicone foam used as a
potting compound in the Shut-O0ff Valve showed large weight and dimensional
aains (about 19.5 percent). At room temperature, tensile strength and elong-
ation tests with RTV S-5370 showed increases of 17.3 percent and 13.1 percent.

RTV 601 displayed a loss of 9.1 percent in tensile strength and a gain of
5 percent in elongation, and RTV GE 8111 showed a loss of 17.3 percent in
tensile strength and 6 percent in elongation. RTV 601 is used as a sealant
between the head end assembly and the ablative faceplate. (Minor exposure to
ETO/Freon 12 in actual use). RTV GE 8111 is used in electrical applications
for insulation. It, therefore, appears that all three RTV compounds tested
are compatible with ETO/Freon 12 where physical strength is not a requirement.

Sylgard 182 (Table 16 and Figures 5 and 6), which is used between the
combustion chamber case and ablative materials, showed significant changes in
ETO/Freon 12. Losses of 87 percent in tensile strength and 4.4 percent in
elongation were recorded. Weight and dimensional measurements were inadver-
tently missed. Photoaraphs were taken before and after ETO/Freon 12
exposure and showed some swelling. Although significant changes occurred in
this material, a simple conclusion of incompatibility cannot be drawn since
in the apolication (Fill material between combustion chamber case and ablative
material), a surface of only 0.060 inch thickness is exposed to the ETO mixture.

PR 5-9 (Figure 12), a silicone rubber material used for masking dissimilar
materials from vapor and consequent galvanic corrosion, was unaffected by
ETO/Freon 12 either visually or dimensionally.

5.4 Gimbal Bearing Material

The fabroid material in the Gimbal Bearing held up quite well in the
decontaminant. (See Figures 10 and 11). No changes were observed, although
the bearing friction seemed to increase siightly.

5.5 Lubricants

DuPont Krytox 240-AC (Figures 11 and 13) lubrication material showed
excellent resistance to the ETO/Freon 12 environment. Literature search
compatibility studies conducted by the writer had indicated that 240-AC grease
would not be compatible with ETO/Freon 12. It was predicted that the grease
would lose its viscosity and thereby become useless for lubrication purposes
However, contrary to this nrediction, the grease became heavier, if anything,
maintaining its viscosity, thus retaining its Tubrication value.

-10-



As expected, there was no effect on the Lubco Dry Lube. The material
retained its lubricating properties and withstood the ETO/Freon 12
environment with no evidence of degradation.

5.6 Electrical Materials

The Butyl Rubber J-Box 0-Ring (Figures 14 and 15) retained normal
size and indications are that there were no deleterious effects from ETOQ/
Freon 12. Little damage was noted on the electrical harness samples, (Figures
16, 17, and 18). The insulation, probably irradiated polyolefin, became a
little tacky, but was still serviceable. The RTV potting compounds were
unaffected both visually and dimensionally. The insulation materials were
undamaged. The sealing material, alkanex, which is used to hold the insul-
ation to the connector, was damaged, but the seal was not broken.

5.7 Ablative Materials

The ablative materials for the combustion chamber, MX 2600 Phenolic
Silica Laminate, MX-SE 57 Rubber Modified Phenolic Silica Laminate, and WB 7208
Insulation Overwrap, exhibited some change after ETO/Freon 12. Visually, all
specimens showed some bleaching after ETO/Freon 12 (Figures 19, 20, 21, 22,
and 23). MX 2600 and WB 7208 showed weight increases from 3.4 percent to 7.6
percent (Table 5.) No changes in hardness were noted (Table 6). There was
a drop in tensile strength of 17.8 percent in MX 2600; 7.1 percent in MX SE 57;
but an increase of 6.9 percent for WB 7208 (Tables 7, 8, and 9). There was a
drop in Modulus of 32.8 percent in MX 2600; of 7.5 percent in MX SE 57; and
16 percent in WB 7208. A11 ablative materials tested appear to be compatible
with ETO/Freon 12.

5.8 Adhesives

The Lap Shear specimens of Epon 934 and Adhesive HT 427 were both
compatible with ETO/Freon 12. Both adhesives are utilized in various
components of the Voyager Engine (Tables 10, 11, and Figures 24 and 25).

6. CONCLUSIONS

6.1 The 0-Rings proposed for usage in the TRW Voyager Engine are
compatible in seven cycles of ETO/Freon 12 environment (See Appendix A for
the Conditions). The 0-Rings are namely, Ethylene Propylene Rubber,

Teflon, and Butyl Rubber. Some of the other rubbers tested, Carboxy-Nitroso,
and Nitrile, are definitely unsuitable for use in engines which could be
subjected to the ETO/Freon 12 environment.

6.2 The Aluminide Coatings which are utilized on the injector pintle
tips and nozzle extension are compatible with the ETO/Freon 12 environment.
No problems are anticipated with these coatings.

6.3 The three RTV compounds, RTV S-5370, RTV 601, and RTV GE 8111,
utilized in the TRW Voyager Engine, appear to be compatibie with ET0/Freon
RTV S-5370 which is utilized as a potting compound in the Shut-0ff Valve,
though showing increases in weight and dimensional measurements, had
increased tensile strength and elongation. RTV 601, which is used as a
sealant between the head end assembly and ablative faceplate, and RTV GE 8111,

e 4
|

2.
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utilized in electrical applications as insulation material, were both
compatible with ETO/Freon 12,

Sylgard 182, which is utilized as a filler compound between the
combustion chamber case and the ablative material, showed significant change
in ETO/Freon 12. However, it is not believed that this would cause a problem
as only a small fraction of the material is exposed to the ETO/Freon 12 gas
in the engine assembly. It is not felt that the loss of tensile strength
and the swelling would create a problem with the material sandwiched between
titanium and the phenolic silica laminates.

PR 5-9, a silicone rubber material used for protecting various dissimilar

materials from galvanic corrosion, appears to be compatible with ET0O/Freon 12
aas.

6.4 The Gimbal Bearing material, a composite of Teflon and glass, is
compatible in ETO/Freon 12.

6.5 DuPont Krytox AC Lube which is used in the Shut-0ff Valve showed no
effects from ETO/Freon 12, and contrary to literature search results, is
compatible with ETO/Freon 12.

As expected, Lubco Dry Lube was compatible with ET0/Freon 12.

6.6 The J-Box Butyl Rubber 0-Ring retained normal size and appears to

be compatible with ETO/Freon 12, although some of the Alkanex type varnish peeled

off the connector. This is not expected to be of serious impact, as the
seal has not broken between the connector and the insulation.

6.7 MX 2600 Phenolic Silica Laminate, MX SE 57 Rubber Modified Phenolic
Silica Laminate, and WB 7208 Insulation Overwrap, the ablative material for
the combustion chamber, though showing some possible changes resulting from
the ETO/Freon 12, are not expected to be a problem.

6.8 Epon 934 and the adhesive HT 427, which are used throughout the
engine as adhesives, were quite compatible with ETO/Freon 12.

-12-
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APPENDIX

A. Test Equipment

The compatibility studies were conducted in 2 pressure cooker type steri-
lizers commercially available in 24 liter capacities. These sterilizers are
capable of withstanding at least 100 psi (burst pressure) and are equipped
with automatic safety relief valves when pressures greater than 30 psia are
experienced.

Calculations based on the ETQ/Freon 12 mixture, and the concentration of
ETO of 600 mg/liter called out in the specifications, indicated that the
test should be conducted at 20 psia ETO/Freon 12 pressure. Other conditions
to be met were:

1. 122°F. + 2°F., Constant Temperature

2. 50% Relative Humidity + 5%

3. A1l material external surfaces were exposed to the gas
4. 28 hours of constant exposure

To meet these conditions, the following steps were taken:

1. To meet the temperature requirements, heating tapes were wrapped around
both sterilizers.

2. The temperature was monitored in both sterilizers with the use of
thermo couples measuring the gaseous temperatures. The thermocouples were
wired to a pyrometer.

3. The relative humidity requirement was met by drawing a vacuum of
70 mm Mercury on the test sterilizer and adding 5 mm Mercury water vapor.
5 mm of water vapor brought the relative humidity to about 50%.

4. ETO/Freon 12 was added to the first sterilizer, which was utilized
as an expansion chamber. 20 Psia was heated to a temperature of
122°F., then passed into the sample tank. The first sterilizer was maintained
at 20 psia by adding ETO/Freon 12 gas to it from time to time.

5. The vent line was connected to 2 water scrubbers. The gas was
disposed of by passing the gas slowly through these scrubbers. ETO reacts
with water to form ethylene glycol thus removing ETO before the gas is vented
to the atmosphere.

6. The concentration of ETO was monitored by evaluating one liter gas
samples in a gas bomb. Gas Chromatography and Infra Red Spectrometry methods
were used to analyze the gas.

A typical test setup is shown in Figure A-1.

-14-



Test Procedure

10.

11.

12.
13.

14.

15.

16.

Place materials on screens in test sterilizers.
Seal both sterilizers.

Purge both sterilizers with Argon.

Turn on heating tapes on both sterilizers.

Turn on vacuum pump to both sterilizers.

Pump down both sterilizers to approximately 70 mm of Hg. Turn off
valve interconnecting sterilizer #1 and test sterilizer.

Let sterilizers stand and check for leaks.

Turn on ETO/Freon 12 to sterilizer #1. As soon as pressure of
20 psia is reached, turn off ETO/Freon 12.

Add 5 mm of water vapor to test sterilizer, lowering manometer
pressure from 70 mm to 65 mm of Mg.

As soon as the gas in sterilizer #1 is stabilized at 122°F. + 2°F.
pass gas to test sterilizer. Close valve interconnecting the two
sterilizers.

Add more ETO/Freon 12 to sterilizer #1 to maintain pressure at
20 psia.

Remove gas sample from test sterilizer.

Adjust gas pressure to reach concentration of 600 mg/liter of ETO.
(Approximately 20 psia)

Maintain gas pressure at 20 psia temperature at 122°F. + 2°F. for
28 hours. (Lack of instrumentation prevented the constant
monitoring of relative humidity in the test chamber).

After 28 hours, open outlet valve of test sterilizer allowing gas
to go through scrubbers very slowly before venting through the hood.

After gas is all disposed, purge test sterilizer with Argon.

-15-



TABLE 1.

GAS ANALYSIS

Cycle No. MOLES % Mg ETO/Liter
ETO
1 16.59 355
2. 22.12 473
4, 22.18 475
5. 25.63 549
6. 25.70 551

Gas Analysis for cycles 3 and 7 were inadvertently omitted.

-16-
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FIGURE 1




FIGURE 2. 0-Rings - Teflon and Butyl - Sheet and Button pieces of Nitroso
Rubber, all before ETO/Freon 12. Color Photo (Neg. #32618-67)




FIGURE 3.

0-Rings before ETO/Freon 12. Going from the largest to the
smallest - Nitrile 2-45; Nitrile 2-142; Butyl 7032-031;
Butyl 7032-037; EPR (No #); EPR (No #). Color Photo

(Neg. #32611-67).
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FIGURE 4. 0-Rings after 7 cycles ETO/Freon 12. Going from the largest
to the smallest - Nitrile 2-45; Nitrile 2-142: Butyl 7032-033;
Butyl 7032-031; Butyl 7032-037; EPR (No #); EPR (No #). Color
Photo (Neg. #33015-67).

-35-



FIGURE 5.

Top to Bottom - Sylgard 182 Dumbell Samples; RTV 601 Dumbell
Samples; RTV GE 8111 Dumbell Samples; NT-5 Nitroso Rubber Dumbell
Samples; RTV S-5370 Dumbell Sample<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>